The field of Information Technology (IT) has provided extraordinary job growth in the United States over the last two decades; however, women and some minority groups are severely underrepresented in IT occupations, especially in management positions. These groups also on average receive lower salaries than their counterparts. The National Science Foundation's SESTAT database is created from biennial nationally representative surveys of U.S. scientists and engineers. SESTAT provides detailed information, such as employment history, educational background, and demographic characteristics. These data are analyzed here using latent class analysis, which is an exploratory technique that can be used to cluster cases based on categorical variables. The data are from the 1997 Survey of Doctoral Recipients. The subset of respondents received Ph.D.'s between 1990 and 1996 in either than physical or biological sciences or in engineering and work at higher educational institutions. There are a few significant differences between men and women in desired work activities, job search resources, and adequacy of doctoral training. There are many large, significant differences in limitations when searching for a job, work activities, and family and career status. Latent class analysis helped identify important subgroups of females and males based on clustering simultaneously on several categorical variables.
Introduction
The field of Information Technology (IT) has provided extraordinary job growth over the United States in the last two decades (Council of Economic Advisers 2000) . The importance of the IT workforce to economic potential has been noted by the President's Information Technology Advisory Committee (1999) , the National Research Council (1999) , the Office of Technology Policy (Meares and Sargent 1999) , and the American Association of University Women (AAUW, 2000) . However, women and some minority groups are underrepresented severely in IT occupations and management positions and have generally lower salaries than other groups in IT , 2000b , AAUW 2000 .
The National Science Foundation's Scientists and Engineers Statistical Data System (SES-TAT) database (NSF 99-337) is created from biennial surveys that are representative of U.S. scientists and engineers and provides detailed information about their employment, educational, and demographic characteristics. The surveys are large and of high quality (see NSF 99-337 for coverage limitations). Several qualitative questions focus on desired work activities, adequacy of doctoral training, job search resources, limitations on job search, and work activities. These variables will be analyzed using latent class analysis, which is an exploratory technique that can be used to cluster cases based on categorical variables. Latent class analysis is useful when the population under study is considered to be composed of distinct subpopulations, but the identification of members of these populations is not easy or is even impossible. The classes are identified by the pattern of responses to survey questions. If the classes have sufficiently different response patterns, then the classes can be characterized informally by their members' patterns of responses. The members of the latent classes then can be compared across groups based on a outcome measure, such as household income. Additionally, the characteristics of the latent classes in terms of known, demographic divisions such as gender and race can be compared.
Latent class analysis will be applied using attitudinal and other variables reported by 1997 Survey of Doctoral Recipients (SDR) respondents who received PhDs in physical and biological sciences and engineering between 1990 and 1996 and work at educational institutions. Differences between men and women are examined in this analysis.
Detailed information on educational choices (e.g., Etzkowitz et al 1994; Farmer et al 1999; AAUW 2000) and hiring decisions (e.g., Davison and Burke 2000; Darity and Mason 1998; Top 1991) are not available in SESTAT. These issues are not examined here.
Section 2 and the appendix present some of the basic ideas of latent class analysis. Section 3 compares females and males from the target 1997 SDR group on variables used in the latent class analysis. Section 4 describes results of fitting latent class models to subsets of the categorical variables. Section 5 summarizes and discusses plans for future work.
Latent Class Analysis
The responses to survey questions considered in this article are discrete random variables. Survey questions include questions such as are you satisfied with x, was your training adequate in y, and do you spend at least ten percent of your time doing z? Allowable answers are levels of agreement or satisfaction or simply yes or no. All questions rely on respondent self report. A collection of variables determines a table through cross classification of responses. The observed data can be presented as a table of counts of the number of cases in each cell of the table
The observed data (the counts in the cells) arise from a mixture distribution when the population being surveyed is composed of subpopulations that are not identified. In biology, in some species the separation of females from males based on some sets of measurements is not automatic and completely accurate. The measurements, however, can give a strong indication of the sex of the individual. In psychology, Stern et al. (1995) used measurements on reactions of infants to strange situations to assign them to high-and low-activity groups. In this paper, responses to sets of survey questions on job preparation and activities are used to cluster respondents into classes. The classes are determined by patterns of responses and how they differ within and between clusters of respondents.
Latent class models (e.g., Hagenaars and McCutcheon 2002; McCutcheon 1987 ) are a special form of mixture models for discrete data. The probability of a pattern of responses in latent class g is modeled as the product of the probabilities for class g of the responses to each question. That is, the responses to individual questions are conditionally independent within a latent class. The overall probability of a pattern of responses is the weighted average of the probabilities of the patterns within the classes, where the weights are the relative proportions of cases in each class.
The unknown conditional probabilities within classes and the relative proportions of cases in each class can be estimated given a set of data in the framework of maximum likelihood estimation using the Expectation-Maximization (EM) algorithm (Dempster, Laird, and Rubin 1977) . Given starting values (initial guesses) for the values of unknown parameters, the EM algorithm alternates between the E-step: computing the expected number of observations in each cell in each latent class and, holding the (unobserved) latent cell counts at their expected values, the M-step: estimating the parameters. The iterations converge to maximum likelihood estimates that can be used to describe differences between and the relative sizes of the latent classes. The appendix presents more details on latent class models.
The goal of using latent class analysis in this application is to find interesting subsets of the subjects based on several categorical variables simultaneously. Once the latent classes are identified it will be determined whether females and males are equally represented in the classes. If the interpretation of the latent classes provides information beyond what can be determined by looking at individual variables, then something new will have been learned about the subjects.
Description of the Sample
The data analyzed come from the 1997 Survey of Doctoral Recipients (SDR). Over 64 percent (35,667 out of 55,367) of sampled individuals completed interviews either by mail or by telephone. The completed interviews represent, after survey weighting adjustment, almost 74 percent of the population of U.S. doctoral recipients in science and engineering. Attention in restricted to individuals who received a Ph.D. in one of four areas: (1) computer and mathematical sciences, (2) life and related sciences, (3) physical and related sciences, and (4) engineering. See NSF 99-337 (1999) for details on coverage and survey weight information. Table 1 presents sample size in four subsets of the database: the overall sample, those who recently (1990) (1991) (1992) (1993) (1994) (1995) (1996) received a Ph.D., recent doctoral recipients working at educational institutions beyond the secondary level, and recent doctoral recipients working at educational institutions beyond the secondary level who have been offered or who have accepted career path jobs. The percentages of females and males in the four occupation areas in the four subsets also are in the table. Weighted percentages are reported, because the 1997 SDR oversampled recent graduates and rare groups. The analyses in this paper concern the individuals in the last two columns of the table.
The percentage of females in computer and mathematical sciences, physical and related sciences, and engineering is substantially lower than the percentage of males. The differences are not as great when attention is restricted to recent Ph.D. graduates. Both females and males record lower percentages in engineering when restricted to those employed at educational institutions and with career path jobs. The percentage of males working in life and related sciences overall is less than the percentage of females, but is basically equal in the most restictive groups.
There are large differences in all four subject-area groups between the percent female responding in particular ways to several questions. There also are large differences between the four groups. Differences between females and males on individual variables concerning desired work before beginning the Ph.D., adequacy of doctoral preparation, job search resources, limits on job seeking, work activities, and some other factors are described in this section.
Desired post-Ph.D. Work
Respondents were asked to think about the type of post-Ph.D. work they desired at the beginning of their doctoral program: teaching, research, management/administration, professional practice, and other. Most differences between females and males in the percentage saying yes were not significant. That is, females and males with recent doctorates who work at educational institutions did not enter doctorate programs for appreciably different reasons. The percentage computer and mathematical scientists who wanted to conduct research was slightly lower among females (82%) than among males (90%, P-value = 0.05). The percentage of life and related scientists who wanted to teach was slightly lower among females (68%) than among males (74%, P-value = 0.02). Differences between female and male physical scientists and engineers were not significant 
Adequacy of Doctoral Program Training
Respondents were asked how adequate was their doctoral program in eleven areas: oral communication, computer, establishing contacts, research integrity and ethics, subject matter knowledge, managemnet/administration, problem solving, quantitative, teaching, collaboration/teamwork, and writing skills. Respondents reported that they had very adequate, somewhat adequate, and not adequate preparation. Few of the select group studied here responded that they had inadequate preparation, so the percentages of men and of women responding very adequate versus somewhat or not adequate are compared. No significant differeces were found among the computer and mathematical scientists and among the engineers. These two groups had sample sizes smaller than the other two groups. Among the life scientists, the percent reporting very adequate preparation in computer skills was significantly lower (P-value < 0.01) among women (37%) than among men (45%). For this group, the percent reporting very adequate problem solving skills was lower (70% versus 75%) but not significantly lower (P-value = 0.07) among the women. Among the physical scientists, the women were significatly less likely to report very adequate preparation in computer skills (41% versus 55%, P-value = 0.01).
Use of Job Search Resources
Respondents who were holding, held, or sought a career path job after the doctorate degree were asked whether or not they used any of ten job seeking resources: faculty/advisors, professional recruiters, college placement offices, professional meetings, electronic postings, newspapers, professional journals, colleagues/friends, direct contacts, and other. Almost all differences between the percent of females and males in this group using the resources were nonsignificant. Further, the pattern of usage was not consistent across the four discipline areas considered here.
Among the life scientists, however, women were significantly less likely than men to use electronic postings (men 29%, women 19%, P-value<.01). Among the physical scientists, women were significantly more likely than men to use professional recruiters (men 7%, women 19%, P-value<.01) and newspapers (men 12%, women 30%, P-value<.01). Female engineers were significantly less likely (2% versus 13%) to use professional recruiters (P-value = .04).
Limitations on Career Path Job Search
Respondents were asked whether or not their career path job search was limited by six factors: debt, family responsibilities, desire not to relocate or move, no suitable job available, other factors, and a spouse's job. Respondents answered with one of four levels: a great deal, somewhat, not much/not at all, and not applicable. Due to sample sizes, infrequent "a great deal" responses for some questions, and not applicable implying no limitation, the first two and the last two categories were grouped together for analysis. Table 2 presents significant and near significant differences between men and women. Some patterns are consistent across the academic areas. In general, women are much more likely to say they are limited by family responsibilities, a spouse's career or employment, and a desire to not relocate or move. In all but the physical sciences, women are less likely to say they are limited by the unavailability of a suitable job. Four comparisons are statistically significant. Forty-nine percent (49%) of females, but only 28% of males (P-value < .01) in computer science and mathematics report a desire not to move. Fifty-nine percent (59%) of females, but only 28% of males (P-value < .01) in CS and mathematics report a spouse's job or career as a limitation. Among life scientists, 50% of women and 36% of men (P-value < .01) report a spouse's job or career as a career path limitation. Among life scientists, 35% of women say there is no suitable job available, whereas 48% of men give this response (P-value < .01).
Work Activities
Respondents were asked which of fourteen job activities occupy at least ten percent of work time. In all four disciplines, males are more likely than females to spend at least 10% of work time on applied research, basic research, computer applications, and management and administration. Other activities do not show consistent patterns across all four areas. Significant differences between females and males are presented in Table 3 . Men in computer science and mathematics are more likely to report at least ten percent of their time spent on employee relations (18% for men, 8% for women, P-value = .03). Men in life science fields are more likely to report time on computer applications (31% men, 24% women, P-value=.03) and teaching (45% men, 38% women, P-value=.03). Women in the phyical sciences are more likely to report time spent teaching (women 68%, men 53%, P-value < .01), but less time on applied research (women 49%, men 60%, P-value=.05), basic research (women 67%, men 81%, P-value < .01), and computer applications (women 28%, men 40%, P-value = .03). The result on teaching is a reversal from earlier questions to which women in physical sciences reported less desire to teach prior to Ph.D. work (men 78%, women 69%, P-value=.06). Among the engineers, men are more likely to report spending at least ten percent of the time on development (men 43%, women 29%, P-value= .05).
Other Variables
Other demographic, job related, and education variables show significant differences between females and males for these respondents. Across all groups, men are more likely to have children living in their households and to have engaged in supervisory work, whereas women are more likely to have attended work-related workshops, seminars, and training activities. Table 4 presents significant results when comparing the proportion of females with a characteristic to the proportion of men. Other variables considered have inconsistent or nonsignificant results. 
Latent Class Results
Latent class models were fit to subsets of the variables described in the previous section. Due to the differences in responses in the four discipline areas, latent class models were fit within the subject areas separately.
Desired post-Ph.D. Work
Models with two and with three latent classes were fit to four of the variables (all expect other, which was a rare response) describing desired work before beginning the doctoral program. The three class models did not significantly improve fit, so analysis was conducted using the two class models. In all discipline areas, the two class model seems to separate people who want to be involved with management and professional practice (in addition to teaching and research) from those who want to focus primarily on teaching and research. Generally the latent classes based on these variables do not correspond strongly to a female/male division of the subjects. This result is not terribly surprising, because the individual variables only weakly separated females and males and there are few variables involved. As with all results in this section, the latent class models do not use the respondent's sex when forming the classes. Among the physical scientists, the latent class associated with a desire to be involved in management and administration or professional practice contained 15% of the females but only 8% of the males (P-value=.04). Thus, the latent class analysis has identified a subgroup of doctoral candidates that might be of interest: those who want to be involved in management, administration, and professional practice.
Adequacy of Doctoral Program Training
When latent class models were fit to the eleven variables describing the adequacy of Ph.D. program preparation, three classes were chosen to fit the data from the computer and mathematical scientists. One class representing 24% of the subjects tended to not feel very prepared in several areas (average number of prepared areas = 1.8). One class representing 29% of the subjects felt very prepared in most areas (average = 8.2). The middle class, representing 46% of the subjects, felt very prepared on average in 5.0 areas and tended to feel very prepared in computer, problem solving, subject matter knowledge, and quantitative areas. These classes are not significantly related to differences between females and males, which is not surprising given that no individual variables for this discipline had significant results. The latent class results do, however, produce an interesting partition of the subjects. Five latent classes were fit to the life scientist data on adequacy of doctoral preparation. The two classes with the most areas on average of very adequate preparation (10.0 and 7.0 areas on average) encompassed slightly higher percentages of the men than of the women. The three classes with fewer areas on average (3.8, 3.6, and 0.4) had slightly greater percentages of the women than of the men. The differences, however, were not significantly different across the five classes. Before dividing the subjects into these classes there were significant differences between females and males. This suggests that rather than focusing on doctoral prepartion on a single attribute the issue really is one of preparation or lack thereof in several areas. The members of the class that tended to be most prepared were especially more likely than the second class to be very prepared in establishing contacts, ethics, management and administration, teaching, and teamwork. The class with an average of 3.8 was more likely to be prepared in problem solving and subject matter knowledge but less likely to be prepared in computer skills than the class with an average of 3.6.
Three clases were fit to the data from the physcial scientists. Again, the classes show interesting patterns and are associated significantly but weakly with sex (P-value = .045). The classes averaged 8.3, 5.2, and 2.2 areas of very adequate preparation. In terms of preparation with computers, the most prepared group exhibits the highest (75%), whereas the least prepared group reports the lowest (21%), probability of being very prepared. Interestingly, the extreme groups have higher percentages of women than men (31% versus 26% in the most prepared, 28% versus 22% in the least prepared). Thus latent class analysis suggests a more complicated picture (women very prepared or not very prepared in several areas) than simply less preparation for women on some variables in the physcial sciences.
Three classes were fit to the data from the engineers. The association of the classes with gender is not significant. The patterns of responses in the classes, however, is similar to those observed in the other groups. One class exhibits being very prepared on many attributes (average = 8.7), another an intermediate level of preparation (average = 5.8), and the other not prepared (average = 2.2). In contrast to the situation with the physcial scientists, females are less likely to be represented in the top two classes among the engineers.
Use of Job Search Resources
The latent class models that were selected to fit the data on job seeking resources contain four classes for the engineers and life scientists and two classes for physical scientists and the mathematicians and computer scientists. For the groups with two latent classes, one class used a larger proportion of the nine resources (averages of 5.63 for mathematics and CS, 5.96 for physical scientists), whereas the other used fewer (averages of 3.02 for mathematics and CS, 2.92 for physical scientists). The association with female/male is significant (P-value = .02) for the mathematics and CS group, but not quite significant (P-value = .07) for the physical scientists. Women are more likely than men in both cases to be present in the group that uses more job search resources (62% of women versus 48% of men for mathematics and CS, 53% versus 44% for physical scientists).
The patterns among the enigneers and among the life scientists are distinct and significantly associated with female/male (P-values: <.01 for engineers, .02 for life scientists). The four latent classes for the engineers divide the subjects into one group using the most job search resources, one using the least, and two using various resources at intermediate rates. Men are relatively more represented in all classes except one of the intermediate groups, which is much more likely to use faculty or advisors, professional meetings, and informal channels through colleagues or friends. The four latent classes for the life scientists consist of one using many job search resources and three with different probabilities of using various resources; there is not a class utlizing very few resources. The patterns are diverse and a characterization in terms of simple ideas is not readily apparent.
Limitations on Career Path Job Search
Latent class models were fit to the responses from individuals in the four discipline areas to the questions about limits on career path job searches. As with previous questions on adequacy of doctoral preparation and job seeking resources, a similar pattern of classes was observed in the four areas. Two-class latent class models were chosen for all four groups. One class in all disciplines had a tendency to report that it had very few limitations, whereas the other class reported a greater propensity to have limitations a greal deal or somewhat. Among the life scientists, the females and males were evenly split (1/2 from each group) into the latent classes. This is interesting, because there were significant difference between men and women in Table 2 for life scientists.
In the other groups, women were relatively more likely than men to be associated with the group with more limitations. Only for the mathematicians and computer scientists was the difference in association statistically significant (P-value less than .01). This is not terribly surprising, because there were significant and near significant differences on individual variables in Table 2 . Table 5 presents the proportion in each class and the probabilities of responding a great deal or somewhat in the two classes for the physical scientists. Perhaps more important to a career path job search than individual limitations are a set of several limitations. This research suggests that focusing on one single limitation might not be sufficient.
Work Activities
Latent class models were fit to the thirteen work activity variables. The data for the life scientists required four classes, whereas the physical sciences and engineers three and the mathematicians and computer scientists two each. In all disciplines but engineering, there is a strong, significant association of the latent classes with sex. For the mathematicians and computer scientists, women are much more likely to be in the class that is very likely to spend time teaching (63% of females versus 48% of males). Men, on the other hand, are much more likely than women (52% versus 37%, P-value < .01) to be in the class that engages in more applied research and communication. The latter class also has more activity in the areas of development, design, employee relations, and management. One could label the second class as the multi-tasking class, whereas the first has a more limited scope of acitivites.
In the physical sciences, men are relativey more likely to be in the two classes that multi-task Table 5 : Latent class estimates (proportions in the two classes, conditional probability of saying a great deal or somewhat limited) and probability of female/male for physical scientists based on limitation on seeking a career path job. and have high research/low teaching work activities. Women are relatively more likely to be in the group that teaches. The association is significant with a P-value below .01. Table 6 provides class proportions, conditional probabilities, and proportions female and male for the three classes. The association in the life sciences is similar in some ways, but different in others and still significant (P-value < .01). Men are relatively more likely to be in the latent class that multitasks, reporting many work activities taking more than ten percent of the time. These activities include applied research, basic research, and management related activities. Women are slightly relatively more likely to be associated with the latent class that does more basic research, but not teaching. Men and women are equally likely to be in the group that combines research and management. Women are slightly more likely to be present in the group with a high propensity to teach. The differences in comparison to the physical, mathematical, and computer sciences could reflect the large number of laboratory positions in the life sciences.
In engineering, there is not a significant association of latent classes with female/male. The results nonetheless are consistent with those for the other discipline areas. Females are more associated with the class with the highest propensity to teach and engage in fewer activities. Males are more associated with the other two classes that are involved with more research and, for one class, more management.
Other Variables
Latent class models were fit to eleven of the indicator variables (all except for minority status) listed in Table 4 . Two classes fit the mathematicians and computer scientists. One of these classes was largely determined by high probabilities of being married and having children at home. Members of the other class were more likely to have a post doctoral position. These divisions were not significantly associated with sex. The latent class results for the other discipline areas were statistical significantly associated with sex (P-values less than .01). A model with three latent classes fit the physical scientists. Males were relatively more likely to be associated with the latent class determined largely by being married and having children at home (37% of males versus 26% of females). Males also were relatively more likely to be in the class determined by having a post doctoral position but no children at home (males 30%, females 20%). Females are relatively more likely to in the class without a post doctoral position and no children at home (54% of women, 33% of men). Thus, in the physical sciences, men and women are experiencing very different typical patterns of family life and financial support.
A model with three latent classes fit the engineers on these eleven variables. As with the physical scientists, males (56%) are associated more strongly than females (36%) with the class that is married and has children at home. Women are more strongly associated with the other two classes that have low probabilities of having children at home. One of these classes have a relatively high probability of having a post doctoral position. The other class has relatively high probabilities of attending professional meetings and having more than two memberships in professional societies. Thus, in engineering for this subset of the profession, men and women have rather different typical patterns of family life and, to a lesser degree, professional development.
Four latent classes were needed to fit the data from the life scientists. The four classes essentially reflect two factors: whether or not there are children at home and whether or not the respondent has a post doctoral position. Females (43%) are relatively more likely than males (33%) to be associated with the group not having children at home, having a post doctoral position, and belonging to more than two professional societies. Males (28%) are relatively more likely than females (19%) to be associated with the class that is married with children at home and not working as a postdoc. The other two classes, not a postdoc and no children at home versus children at home and a postdoc job, have more similar relative frequencies of men and women. These results are qualitatively similar to those for engineers and physical scientists even though the fields are quite different.
Summary
Females and males with recent Ph.D.'s in four discipline areas (mathematics and computer science, life sciences, physical sciences, and engineering) working at educational institutions beyond the secondary level were compared on various training, job search, work activity, and other variables. The selection of an apparently homogeneous group to study should have eliminated many important background differences between the men and women.
There are a few significant differences between females and males in desired work activities, job search resources, and adequacy of doctoral training. Differences varied across disciplines. The fact that women in biology felt on average less adequately trained in computing, whereas women in physical sciences felt less adequately trained in general problem solving could have important discipline-specific implications. A future study could try to explain why there were differences in job search resources.
There are many large, significant differences in limitations when searching for a job, work activities, and family and career status. Latent class analysis (LCA) identified a subgroup of women in each field who have many job search limitations and another subgroup that does not. LCA identified subgroups that perform different combinations of work activities. The combinations of work activities were more strongly associated with sex than were the individual activities. Further research is needed to explain why there is a strong association of these groups defined by job tasks with sex: do men and women in these disciplines at these levels select different tasks or are they assigned different tasks?
LCA found several subgroups in the discipline areas that differ from one another in terms of postdoc status, marriage and the presence of children at home, and professional activities. It would be interesting to undertake a longitudinal study of factors predictive of long-term success in these disciplines.
Different partitions of a set of observations into clusters can be compared using the Rand index (Rand 1971 ) and the adjusted Rand index (Hubert and Arabie 1985) . Larsen (2002) studied the sampling distribution of the adjusted Rand index in comparison to traditional hypothesis testing for the number of latent classes. Future work will evaluate different methods for comparing cluster solutions found through latent class analysis.
Future work will consider mixing variables on different topics together, variable selection for key work activity and other variables, and the issue of validating or confirming the stability of clusters found through latent class analysis. In particular, analysis will be performed on future waves of SESTAT data. Work also needs to be done comparing the experience of minority groups to other groups in the sciences and in the Information Technology workforce.
The joint distribution function for π and θ based on n independent observations y = (y 1 , . . . , y n ) is a product of expression (1) with index i = 1, . . . , n.
With discrete outcomes, the observed data can be presented as a table of counts of the number of cases in each cell. Let the table have L cells based on K variables. Variable y i records the cell membership of case i. The density p g (·|·) from expression (1) for each case in cell l is π l|g , the probability of being in cell l for a case arising from class g. The parameter vector θ g is the vector of cell membership probabilities (π 1|g , . . . , π L|g ) in class g and usually are related to one another through a log linear model of dimension less than L. The mixture density for n cases cross-classified into a table with L cells can be written from expression (1) as
where I{y i = l} = 1 if case i is in cell l and 0 otherwise, and
One special example of mixture models for discrete data is the latent class model (McCutcheon 1987 , McCutcheon and Hagenaars 2002 , Haberman 1974 and 1979 , Goodman 1974 . In this model the chance of having a certain level for field k is assumed to be independent of the levels for other other fields of information: π l|g = K k=1 n k j=1 π x l|j k j k k|g , where j = 1, . . . , n k indexes the levels of field k, π j k k|g is the probability of being in level j k for field k in class g and x l|j k equals 1 if the observations in cell l are at level j k on variable k.
Alternative models allow interactions between fields of information within a mixture class. For instance, the density in class g can be defined by a log linear model on the expected counts (or, equivalently, on the probabilities θ g = (π 1|g , . . . , π L|g )) in the cells of its subtable n g . The (possibly different) log linear models across the classes can be specified by the sets of variables that interact within that class. Mixture models with log linear interactions within classes have been used by Becker and Yang (1998) , Larsen and Rubin (2001) , and references therein. These models are not considered in this paper.
Probabilities of class membership can be computed using Bayes' Theorem as follows. Let z ig equal 1 if case i is from mixture class g and 0 otherwise, then the probability of case i being in class g is
In the discrete case, (4) depends only on cell membership and is π g|l = π g π l|g /
G h=1 π h π l|h . Let n lg be the number of cases in cell l and class g. The mixture classes can be thought of as being associated with subtables of counts n g = {n lg , l = 1, . . . , L}, g = 1, . . . , G, which when combined yield the observed table, n = (n 1 , . . . , n L ) = ( G g=1 n lg , l = 1, . . . , L). If the latent indicators (and hence counts) were known, the joint density for y and z, where z is a n × G matrix with entries z ig , would be p (y, z|π, θ 
The Expectation-Maximization algorithm (Dempster, Laird, and Rubin 1977; Stern et al. 1995) can be used to produce maximum likelihood estimates of model parameters without having to pre-classify observations into groups. The EM algorithm alternates between computing the expected value of n lg given current parameter estimates and, holding n lg at current expected values, the maximum likelihood estimates of the π g and π j k k|g probabilities.
The number of classes G, which is unknown in some problems, can be selected by minimizing the Bayesian Information Criterion (BIC) measure of fit and complexity (see, e.g., McLachlan and Peel 2000, pages 209-210) . In the case of mixture models, the value of BIC is calculated as
where Λ is the log likelihood (sum of log of (1) over i = 1, . . . , n), d is the number of parameters in the model, and n is the number of observations. The value of −2 log Λ decreases, whereas the d increases, as G increases. The value of G that yields the smallest value of BIC is selected.
Different partitions of a set of observations into clusters can be compared using the Rand index (Rand 1971 ) and the adjusted Rand index (Hubert and Arabie 1985) . Larsen (2002) studied the sampling distribution of the adjusted Rand index in comparison to traditional hypothesis testing for the number of latent classes.
